Summary. The p19 matrix (MA) protein of human T-cell leukemia virus type I (HTLV-I) was exposed on the surface of MOLT-4#8 cells in the very early step of the virus infection. Transfer of the virus-binding MOLT-4#8 cells from 4 °C to 37 °C resulted in increased detection of the viral gp46 and p19 MA protein on the cells, which was, however, inhibited by 4 °C or cytochalasin B treatment. These data showed that increased temperature and fluidity of the cell membrane were required for the increased detection of gp46 and p19 after viral adsorption. On the other hand, exposure of the p19 MA protein was not observed on the virus-treated U937 cells although gp 46 was detected. This was not due to inefficient binding of the HTLV-I to the U937 cells, since the methanol-fixed cells were p19 MA protein-positive. MOLT-4#8 cells induced marked cell fusion when co-cultured with MT-2 cells, but U937 cells induced no fusion. All of these results indicated that these two cell lines differed in the property of plasma membrane in terms of degradation of HTLV-I envelope after viral adsorption. Uncoating of the HTLV-I might occur on the plasma membrane, especially on MOLT-4#8 cells.
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H. Akari et at. co-culture of the virus-carrying cells with peripheral blood lymphocytes from healthy donors [-7, 13] . Because of the inability of cell-free HTLV-I to infect cells, little is known about the viral receptor and early steps of virus-infection such as adsorption, penetration and uncoating.
Interest in early virus-cell interactions is rapidly growing. Previously, we utilized HTLV-I concentrated from supernatants of MT-2 cells (an HTLV-Itransformed and virus producer T cell line) and monoclonal antibodies (mAbs) to gp 46 (env) or p19 (gag) to assess HTLV-I adsorption on various target cells [1, 5] . MOLT-4#8 and U937 cells were shown to specifically adsorb high levels of HTLV-I. However, striking differences were found: (i) MOLT-4#8 cells showed marked cell-fusion after co-cultivation with MT-2 cells, whereas U937 cells did not; (ii) HTLV-I-adsorbed MOLT-4#8 cells exhibited antigen-positivity for both gp46 and p19, while the virus-adsorbed U937 cells were only gp46-positive. Based on these observations, we hypothesized that matrix (MA) gag protein (p19) of HTLV-I may be exposed during the post-binding steps on the plasma membrane of MOLT-4#8 cells but not on U937 cells.
For detection of gp46 (env) and p19 (MA gag) on the plasma membrane after adsorption of cell-free HTLV-I, flow cytometric analyses using mAbs to gp46 (REY-7) and p19 (GIN-14) were applied, as previously described [1] . In brief, MOLT-4#8 or U937 cells were treated with cell-free HTLV-I at 37 °C for various times as indicated in Fig. 1 and washed with chilled washing medium containing 2~o fetal calf serum (FCS) in RPMI 1640 medium. Then, the cells were mixed with rat mAb against gp 46 (REY-7) or mouse mAb to p19 (GIN-14) at 4°C for 40min. As a negative control, MOLT-4#8 or U937 cells were incubated with the mAbs followed by the FITC-conjugated IgG under the same conditions. The cells were again washed and stained with fluorescein isothio- (Fig. 1A) . After 30 min, 80~o positive cells were observed. When the U937 cells were stained for surface expression of gp 46 env protein (Fig. 1B) , the kinetics of positive cell-increase with time was similar to that of MOLT-4#8 cells. Maximum positivity was, however, about 60~o. When MOLT-4#8 cells were stained with GIN-14 mAb, the increase in ~0 positive cells was slower than that in the case of REY-7 mAb staining (Fig. 1A) . Fifty ~o of the cells were positive for p19 MA-protein 60min after inoculation of the virus. However, the U937 cells stained with GIN-14 mAb were mostly negative even after 60min incubation (Fig. 1B) . These results confirm the inability of U937 cells to present p19 MA protein on their surfaces in the post-adsorption step. However, after inoculation of HTLV-I to MOLT-4#8 cells, not only env gp46 but also p19 proteins were detected on the membrane and the positivity of both proteins was increased with time when incubated at 37 °C. These data suggest that enzymatic breakdown of the intact virus or de novo synthesis of gag proteins might occur in MOLT-4#8 cells. To exclude the possibility that pt9 MA protein was expressed by de novo protein synthesis after the viral inoculation, MOLT-4#8 cells were pretreated with cycloheximide (0.1 and 1 gg/rnl) or puromycin (5 and 50 gg/ml) as translational inhibitors and then the virus was added. The rate of FITC-positivity was not affected by the cycloheximide or puromycin pretreatment in either env or gag expression (Table 1) .
Next, we examined the temperature effect on detection of the viral gag or env proteins on the cell surface (Fig. 2) . MOLT-4#8 cells were treated with the concentrated virus at 4 °C for 30 min, washed twice and resuspended with warm and 40~in gp46 and p19 positive cells, respectively, at 37°C for 30rain (Fig. 1A) . The incubation at 37 °C was terminated at 5, 15, 30 and 60min by adding cold washing medium. The cells were stained as described above. In terms of viral gp 46 expression, a temperature shift from 4 °C to 37 °C resulted in a gradual increase of positive cells from 18~ to 65~o (Fig. 2) . When mAb to p19 was used, a similar increase was observed, albeit maximum positivity was 40~o after 60 min. Exactly the same pattern of increase was obtained by assessing the fluorescence intensity instead of ~o positive cells. Next, MOLT-4#8 cells adsorbed with HTLV-I at 4 °C for 30 min and washed were treated with cytochalasin B (10tag/ml) and incubated at 37 °C for 60min. Cytochalasin B is known to affect the fluidity of cell membrane by inhibiting the polymerization of cytoskeletal actin filaments. Cytochalasin B treatment of the virus-binding MOLT-4#8 cells completely inhibited the increase of the FITC-positive cells. About 20~o of the cells were positive for both env and gag even after 60 min incubation at 37 °C as shown in Fig. 2 . Thus, the increase in positivity of viral gag and env proteins on HTLV-I-adsorbed MOLT-4#8 cells depended on the temperature and the membrane fluidity. We can speculate that the envelope protein of HTLV-I may be torn on the MOLT-4#8 cell membrane resulting in exposure of the inner matrix protein p19. Because of the cell membrane fluidity, fragments (or antigen-epitopes) of env and gag proteins might disperse, which could become more detectable, increasing the fluorescence intensity and ~o positive cells. If this is the case, HTLV-I virion may stay intact on the U937 cell membrane probably due to the lack of some proteolytic enzyme (s) and/or To confirm that the U937 cells treated with HTLV-I can actually adsorb the intact viral particles containing the p19 MA protein, we examined the effect of methanol fixation on the detection of viral proteins in the HTLV-I-infected cells. MT-2 cells or the virus-adsorbed cells at 37°C for 30min were washed and treated with 70~ methanol at 4 °C for 3 min. The cells were washed again and stained by REY-7 or GIN-14 as described. First, as a control, MT-2 cells were examined (Fig. 3) . Without methanol treatment, gp46 was strongly detected but p19 MA protein was only weakly detectable on the surface of MT-2 cells. After methanol fixation, more than 90~o in both gp46 and p19 became positive (Fig. 3) . Methanol fixation of the cells could allow antibodies to penetrate the membrane into the cells. Figure 4A displays that methanol fixation of the HTLV-I-adsorbed MOLT-4#8 cells decreased the gp 46-positive ceils from 85~ to 5~ but increased pl9-positive cells from 55~ to 95~o. In the case of the virus-treated U937 cells (Fig. 4B ), p19 MA protein was clearly detected in the fixed cells but was almost undetectable on the unfixed U937 cells. These data indicated that the intact virus was truly present on the U937 cells but p19 MA protein was not exposed on the surface of the unfixed cells. Fluorescence positivity of gp 46 decreased to the back-ground level by methanol treatment in both U937 and MOLT-4#8 cells (Fig. 4A and B) probably due to lysis out of viral envelope glycoprotein induced by the treatment.
We have studied the early steps of HTLV-I infection to the target cells especially on the plasma membrane. Previously, we demonstrated that coculturing MT-2 cells with MOLT-4#8 cells led to syncytium-formation but did not with U937 cells [5] . By cell-free HTLV-I adsorption, gp46 was detectable on the surface of both types of cell, but p19 MA protein was positive on MOLT-4#8 cells only. These data prompted us to compare these two types of cells in terms of the properties of the plasma membrane after the viral H. Akari et al. adsorption. Our data suggest that p19 MA protein may be exposed on the cell membrane and that the increased fluorescence-intensity and positivity after 37°C incubation may be due to the spread of the envelope fragments by membrane fluidity. Lysis of viral envelope on the cell membrane might be necessary for the next steps of HTLV-I infection such as fusion and penetration. In fact, U937 cells induce no fusion when co-cultured with MT-2 cells. This finding recalls the case of human immunodeficiency virus type 1 (HIV-1), in which the V3 region of envelope gp120 is cleaved on cell membrane by proteolysis [-12 ]. In the cases of orthomyxoviruses, paramyxoviruses and coronaviruses, activating proteolytic cleavages catalyzed by cellular proteases late in the secretory pathway are critical for the fusion activity [6] . In this regard, we have used several available anti-protease agents (amastatin, phosphoramidon, E-64, arphamenine A, leupeptin, antipain, and pepstatin A) to block the exposure of p19 MA protein on the virus-adsorbed MOLT-4#8 cells. However, no effective agent has yet been found. It remains to be elucidated whether the exposure of p19 MA protein is followed by successive uncoating of the virus. Further studies are needed to identify the mechanism involved.
